Synergistic immunosuppressive effects of rosmarinic acid and rapamycin in vitro and in vivo.
We previously demonstrated that rosmarinic acid (RosA) inhibits T-cell antigen receptor-induced T-cell activation and proliferation. In this study, we evaluated the ability of RosA alone and in conjunction with currently used immunosuppressive drugs to inhibit in vitro splenic T-cell proliferation and prolong skin graft survival in vivo. Mouse splenic T-cell proliferation assays were performed in the presence of RosA alone or in combination with cyclosporine, rapamycin (Rapa), or prednisone (Pred). The in vivo synergistic efficacy of RosA and Rapa was evaluated in the mouse skin allograft model. RosA combined with Rapa or prednisone synergistically inhibited splenic T-cell proliferation, whereas the combination of RosA and cyclosporine additively inhibited T-cell proliferation. The combination of RosA and Rapa synergistically prolonged allograft survival. We conclude that the combination of RosA and Rapa promotes immunosuppressive effects.